divergent as mental retardation and Parkinson's disease (Johnston and Madura, 2004 ). One example of major importance in physiology and medicine is in the transcriptional adaptation of cells to anoxia (Kaelin, 2002; Krek, 2000) . When cells are well oxygenated, a specific proline residue in the transcription factor HIF becomes oxidized to a hydroxyproline, and this minor modification is recognized by a specific E3. Consequently, in normal cells, the HIF is rapidly degraded and unable to function, but in anoxic cells, this modification can not occur; consequently, HIF is stable in ischemic cells and transcribes genes for erythroprotein, VEGF, and glycolytic enzymes. This adaptation is especially important for the growth of cancer cells, some of which (e.g., renal cell carcinomas, pheochromocytomas) lose However, the importance of ubiquitin was not immediately apparent after the initial reports from Hershko and Ciechanover; in fact, at the time, we (and others) were initially atheistic concerning the "ubiquitin hypothesis," but then we became agnostic, and soon we were firm believers. Our conversion came about due to their subsequent series of elegant papers, many with I. Rose, that appeared in the early 1980s and defined the enzymatic steps in the ubiquitination process (Hershko et al., 1980 (Hershko et al., , 1983 (Hershko et al., , 1984 Ciechanover et al., 1978 Ciechanover et al., , 1980 Ciechanover et al., , 1981 . Amongst biologists, the contributions of Hershko and Ciechanover are widely recognized because of their major roles in the subsequent development of this area and their useful reviews. Rose's contributions have been less widely appreciated, but elucidation of the ubiquitination pathway required a sophistication in enzymology that few biologists possess or appreciate, such as their use of a pyrophosphate exchange assay for the enzyme E1, defining the key roles of thiol esters in ubiquitin activation (enzymatic reactions resembling those involved in fatty acid oxida- made possible by Rose's enzymological expertise, and We had chosen to study this process in reticulocytes it is a sign of Hershko's cleverness to seek out such a and E. coli, specifically because they lack lysosomes, knowledgeable collaborator. and using extracts of these cells, we eventually were However, there was also an important element of serable to demonstrate the existence of a nonlysosomal endipity in this story. 
